Introduction: To investigate the inter-observer and inter-modality variabilities of two imaging guided equipments-cone-beam computed tomography (CBCT) and ultrasound (US) in kidney stereotactic body radiotherapy. Methods: A renal metastasis case implanted with three gold anchor fiducial markers was firstly scanned by US to acquire a 3-dimension US image and followed by 4-dimension CBCT in every fraction. Seven observers retrospectively registered the pre-treatment images with the corresponding reference images based on the gold markers. Registration uncertainty of the observers between two imaging modalities was evaluated. Results: The uncertainties over whole treatment course in CBCT were 0.88 mm, 1.94 mm and 0.86 mm in lateral, longitudinal and vertical directions respectively; while 0.8 mm, 0.97 mm and 1.36 mm were found in US.
Introduction
Stereotactic body radiotherapy (SBRT) has been widely adopted which delivers high ablative doses to tumors while sparing as much normal tissue as possible. In the management of renal cell cancer, SBRT can be served as an alternative to surgery and was found to be superior to conventional radiotherapy fractionation regimes (1.8 -2 Gy) due to its radioresistance in nature [1] [2] . The implementation of image-guidance further facilitates the use of SBRT to provide accurate positioning and targeting of the tumors, which in turn promotes the margin reduction for dose escalation and normal tissue sparing. The advance of image-guided radiotherapy (IGRT) can provide pre-treatment positioning, target monitoring and post-treatment verification using different modalities such as infrared, X-rays, ultrasound and magnetic resonance imaging (MRI) [3] . Ultrasound (US) is a non-ionizing image modality offering better soft tissue contrast than X-ray. Various venders provide different implementation of US into radiotherapy. For example, boost irradiation to a lumpectomy cavity after whole breast radiotherapy was proved to efficiently reduce the risk of local recurrence [4] [5] . Good visualization of the lumpectomy cavity and the tumor bed in US images was reported and potential margin reduction could be achieved by daily US guidance for localization and positioning [6] [7] . In cervical cancer treatment, US can be used for target visualization, catheter placement and even treatment planning in brachytherapy [8] [9] . Although US may not be as helpful as MRI to identify the low-, intermediate-and high-risk clinical target volume (CTV), the real-time feedback and lower amount of resources required are advantages over other modalities. In addition, US has been widely used for prostate cancer treatment [10] [11]. Its accuracy and consistency were compared with other imaging modalities, for instance, cone-beam computed tomography (CBCT) and electromagnetic transponders, where it has proved to be clinically acceptable [12] [13] . Daily variations and real-time tracking of prostates are available and immediate action could be taken if large deviations are detected from the baseline. The implementation of US in other parts of body isunder extensive investigation. State-of-the-art robotic arms are being deployed to hold US probes and monitor the targets in SBRT. The Johns Hopkins group has designed a robotic manipulator with a novel cooperative control strategy for soft tissue targeting in upper abdomen [14] , reporting less than 2.2 mm setup error by using US image feedback. Furthermore, robust 4D robotic US system imaging on the prostate, liver, pancreas and kidneys of healthy volunteers was demonstrated by Stanford group [15] . However, there are very limited studies implementing US for target localization in kidney cancer and also variations and precautions of using US for kidney cancer have not yet been investigated and reported. Therefore, this study aims to investigate the variations of inter-observer and inter-modality of using US and CBCT in kidney SBRT.
Materials and Methods
A renal cancer patient had three gold anchors implanted under diagnostic US-guidance by an interventional radiologist one week before their planning CT scan. The gold markers were placed at least 1 cm away from each other at the Figures 1(a)-(c) shows an US reference image overlaid with the planning CT in the axial, coronal and sagittal planes. A 5 mm isotropic planning target volume (PTV) margin was expanded from the CTV to account for potential overshoot issue of the ABC system, day-to-day variations and setup uncertainty. 50 Gy in 5 fractions was prescribed to the PTV and treated with a 6 MV Elekta Agility Linac. However, on the first day of treatment course, the patient's condition deteriorated and found difficulty in tolerating the long treatment time using the ABC system. Therefore, abdominal compression was adopted with sufficient pressure to reduce the breathing amplitude whilst minimising the deformation of the target and surrounding tissues. A helical four-dimensional computed tomography with 2 mm slice thickness 
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Gold marker (yellow contour) was acquired. Mid-ventilation (MidV) phase was determined from the ten time-binned CT images and the Van Herk margin formula was used to generate the PTV. Since the US reference image set was obtained over one week prior to the CT scan, in order to avoid any discrepancy of the target due to rapid deteriorated health condition, a new reference US acquisition was conducted on the first treatment day in the treatment room. In the remaining fractions, daily 3D-US was acquired for retrospective analysis. Translational couch correction was applied according to the average phase from the 4D-CBCT registered with MidV planning CT in the X-ray Volumetric Imager (XVI) system.Seven physicists and therapists retrospectively registered the US and CBCT images with the corresponding reference images. In the US registration case, the sound wave was reflected at the interface between the gold marker and soft tissue due to the difference in acoustic impedance. The signals enhanced at this region became an excellent surrogate and was assigned as a planning reference volume (PRV) to allow the observers to perform the registration (Figure 2 ). In the X-ray modality, automatic image registration based on seeds (gold markers) was performed and followed by manual fine adjustment ( Figure 3 ). Inter-observer and inter-modality variations were then compared.
Results
After manual fine adjustments following automatic 4D image registration in XVI, the averaged seven observers' variations over the whole treatment course were 0.88 mm, 1.94 mm and 0.86 mm in lateral, longitudinal and vertical directions respectively (Table 1) . While from the retrospective registration using US images, the variations were 0.8 mm, 0.97 mm and 1.36 mm in lateral, longitudinal and vertical directions respectively (Table 1) .Additional information of daily displacement from the baselines of two different imaging systems was also analysed, although only one patient was involved in this study. In each imaging system, the positional errors of seven observers for each fraction were averaged as a more representable value (M) for that particular fraction. The fractional values M CBCT (averaged values for CBCT) and M US (averaged values for Clarity US)
were shown in Table 2 and Table 3 .
Discussion
Non-ionizing US-guidance is commonly used in prostate cancer treatment to provide comparable accuracy as CBCT. The difference of setup errors between US and CBCT was extensively investigated and was found to agree within 3 mm.
Fargier et al. compared the inter-observer variations of trans-abdominal US
against CBCT for prostate and found these to be 2.2 and 1.1 mm laterally, 2.6 and 1.8 mm longitudinally and 2.1 and 2.0 mm vertically for US and CBCT respectively [16] . Lediju et al. extended the use of a robotic US probe for lower abdomen in an animal study and reported that the average 3D reproducibility of their robotic US probe was less than 2 mm [17] . Moreover, the feasibility of implementing US imaging into liver SBRT for eleven patients was shown by Gurp [18] . To our knowledge, this study is the first to investigate and compare the intra-and inter-observer variations between US and CBCT system in kidney cancer. Our results demonstrated that the largest variation is in the vertical direction (1.36 mm) and less than 1 mm for the other two directions, which was expected to be smaller than the findings from Gurp group in which breathing motion was managed with free-breathing and active breathing control. Another interesting result from Ta Table 2 and Table 3 showed that similar displacement from the baselines using the two imaging modalities was obtained except for the longitudinal direction. This could be explained by the fact that respiratory motion was involved during CBCT while the breath-hold technique was used in US.
From our results, different sources of error exist in both imaging system. Therefore, hybrid image-guided system was recommended to provide more information and accurate positioning. Similar recommendation was made by Kroll's study from which better visualization of salivary gland could be achieved by using CBCT as an adjunct to US [19] . One of the feasible workflow would be using US for initial setup to reduce the positioning time and verified by CBCT or other X-ray system [20] . One limitation of this study was the patient size which served as the further goal to increase the sample size from which a population-based margin for kidney diseases could be established.
Conclusion
This study showed that the Clarity US system is able to provide volumetric localization in kidney SBRT. Moreover, our results illustrated that the inter-observer variations in two different imaging modalities were comparable and acceptable.
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Further study of US image-guidance in kidney SBRT in a large patient cohort is warranted.
